In vitro pollination can be used to overcome crossing barriers in interspecific hybridization within the genus Cucumis. This technique offers a way to produce viable interspecific hybrids. We tested two types of media, designated CP and YS, for in vitro pollination in Cucumis sativus and C. melo. Pollen grains were isolated by centrifugation or directly from mature male flowers and were cultured with mature ovules. We assessed pollen grain viability, fertilization ability, and fertilized ovule development. The developing ovules (becoming enlarged and green) were transferred to media supporting embryogenesis (with ascorbic acid, caseinhydrolysate, coconut water and gibberellic acid). The highest level of regeneration after in vitro pollination was callus formation from ovules. We found caseinhydrolysate to be the most beneficial component during in vitro pollination (CP medium) and during development of fertilized ovules (ON medium). The hybrid character of fertilized ovules arisen from crosses between cucumber and muskmelon was checked but not confirmed by RAPD analysis, for reasons we suggest. The in vitro protocol needs to be optimized further to obtain a high yield of potential hybrid embryos. K Ke ey y w wo or rd ds s: : Cucumis spp., cucumber, muskmelon, intraspecific hybridization, interspecific hybridization, in vitro pollination, in vitro fertilization, RAPD analysis.
Cucumber (Cucumis sativus L.) ranks among the ten most important vegetables in world production , but it is susceptible to many pathogens and pests. Valuable sources of disease resistance have been found in wild African species of Cucumis. For introgression of resistance genes in cucumber, one very useful method entails interspecific hybridization technique, including in vitro culture . In some cases the interspecific hybridization barrier is attributed to differences in chromosome number between parents. Cucumis sativus belongs to the Asian group and contains n=7 chromosomes. Wild Cucumis spp. and C. melo belong to the African group and contains n=12 chromosomes (Jeffrey, 2001; Køístková et al., 2003; Lebeda et al., 2007) .
Optimization of tissue culture protocols will become increasingly important for successful interspecific hybridization within the genus Cucumis and for production of viable C. sativus and C. melo hybrids (Lebeda et al., 1999 Skálová et al., 2004) . Various methods have been used to rescue embryos in interspecific hybridization, particularly between C. sativus and C. melo L. (Lebeda et al., 1996 (Lebeda et al., , 1997 (Lebeda et al., , 1999 Skálová et al., 2006) . In vitro pollination and fertilization have been used to overcome pre-zygotic (factors hindering effective fertilization) and post-zygotic (barriers occurring during or after syngamy) cross-incompatibility in the genus Cucumis (Ondøej et al., 2002a) . For successful in vitro pollination the pollen grains must be selected at the right stage, since in vitro manipulation of pollen is limited. Studies have focused on establishing optimal culture conditions for isolation, sterilization and viability of cucumber pollen grains (Vižintin and Bohanec, 2004) . In vitro pollination has been reported by many authors (e.g., Tilton and Russell, 1984; Castano and De Proft, 2000; Zenkteler et al., 2005; Popielarska, 2005) .
Here we report our work on isolation and culture of pollen grains, pollination, fertilization and ovule development of cucumber (C. sativus) and muskmelon (C. melo) in vitro. The developed media facilitated pollination and fertilization, and helped in rescuing potential interspecific hybrids.
For the experiments we used these selected genotypes of Cucumis species: C. sativus Stela F1, 09H390744 (CS); C. melo PMR 45, 09H400597 and *e-mail: dagmar.skalova@upol.cz PMR 5, 09H400599 (CM). Materials were obtained from the vegetable germplasm collection of the Research Institute of Crop Production (Prague), Olomouc Research Station, Czech Republic (www.vurv.cz/, part databases, EVIGEZ). Plants were grown in a glasshouse (25°C/15°C day/night) of the Department of Botany, Palacký University of Olomouc (Czech Republic). They were watered daily and fertilized weekly with Kristalon Start fertilizer (NU3 B.V., Vlaardingen, Netherlands) (10 ml fertilizer per 10 l water) without chemical treatment.
Immature female and male cucumber and muskmelon flowers were sterilized for 1 min in 70% (v/v) ethanol and 10 min in 2.5% chloramine, rinsed three times in sterile water in aseptic conditions and then cultured on MS medium (Murashige and Skoog, 1962) at 25°C for 3 days in darkness. Mature female cucumber flowers were excised in aseptic conditions and ovules were transferred on solid media (CP medium, Castano and De Proft, 2000; YS medium, Ondøej et al., 2002a) ; media composition is specified in Table 1 . Pollen grains were isolated from anthers of mature male flowers of cucumber and muskmelon by centrifugation (10-5-5-min., 900 rpm) in washing solution (10 ml modified NLN 13 medium; Lichter, 1981). They were transferred on and around ovules of C. sativus in the culture medium. Petri dishes with ovules (10 per dish) and pollen grains were cultured for 2-3 days at 25°C in darkness. Pollen tube growth and in vitro pollination and fertilization were observed with a microscope (OLYMPUS CK40). The origin of the zygote and the subsequent development to globularstage embryo were described in previous work (Ondøej et al., 2001; Ondøej et al., 2002a) . Fertilized ovules were transferred to previously tested media supporting embryogenesis (OK, ON, CW, GA medium; Skálová et al., 2007; 2008 ; Table 1 specifies the medium composition. The pollination ability of pollen grains isolated directly from the mature male flowers of CS and CM was tested. CP and YS media were again used for in vitro pollination, and CW and GA media for embryogenesis.
Our experiments also compared the viability of pollen isolated by centrifugation in washing solution (modified NLN-13 medium) and pollen isolated directly from anthers and cultured on CP and YS media. Pollen grains were stained with fluorescein diacetate (FDA) and viability checked with an Olympus BX60 fluorescence microscope (Larkin, 1976) with a BW filter.
All experiments were repeated (ten ovules per dish; final numbers summarized in Tables 2 and 3) . The results are expressed as means ±SD.
We used DNA extraction and RAPD analysis to verify the hybrid character of the cucumber ovules fertilized by muskmelon pollen grains. Genomic DNA was isolated from young leaves of the parental plants by the CTAB method. DNA from fertilized ovules was extracted using the REDExtract-N-Amp Seed PCR Kit (Sigma) according to the manufacturer's protocol. DNA from parents and from ovules was amplified with REDExtract-N-Amp PCR reaction mix (Sigma) with RAPD primer 5´-GTGT-GCGATCAGTTGCTGGG-3´ (Koo et al., 2005) . PCR products were analyzed by electrophoresis in 1% agarose gel and detected by ethidium bromide staining.
Germination of isolated pollen grains in culture is a prerequisite for several biotechnological manipulations in cucumber (Vižintin and Bohanec, 2004) . Pollen grains germinate in vitro, enabling the process of sexual reproduction to proceed (Ondøej et al., 2002a) . Indeed, we achieved successful in vitro pollination after selfing and interspecific crossing within the genus Cucumis. For in vitro pollination we isolated pollen grains of C. sativus and C. melo by centrifugation (Tabs. 2, 3; Fig. 1 ). YS medium gave better pollen tube growth following fertilization (42 ± 12%) than CP medium (32 ± 9%), but ovules cultured on CP medium showed better subsequent development (59 ± 12%) than those cultured in YS medium (27 ± 15%). Tilton and Russell (1985) observed that medium composition plays a significant role in pollen tube growth and ovule viability. Subsequent MS -Murashige and Skoog (1962) ; IBA -indole-3-butyric acid; BA -benzyladenin; KIN -kinetin; IAA -indole-3-acetic acid; GA 3 -gibberellic acid; 8 g/l agar was added in all types of media. development of fertilized ovules on OK, ON, CW, and GA media was profuse. The best results were for ON medium containing caseinhydrolysate (CP also contained it). Custers (1981) and Ondøej et al. (2002b) used caseinhydrolysate to good effect in cucumber embryo culture. We evaluated the effect of caseinhydrolysate in early stages of embryo development after in vitro pollination. Of all the types of in vitro pollination (Tabs. 2, 3) , the C. sativus × C. sativus cross was more successful (yielding 29 ± 12% developed ovules) than the C. sativus × C. melo cross (18 ± 11%).
In vitro pollination with pollen grains isolated directly from mature anthers was successful. The key results from this experiment are given in Tables  2 and 3 . CP and YS media did not differ significantly in the success of in vitro pollination, but more ovules were regenerated in YS (34 ± 14%) than in CP (17 ± 11%).
Of the media for embryogenesis, the results were better in CW medium containing coconut water than in GA medium with gibberellic acid. The intraspecific cross within C. sativus gave a higher percentage of developed ovules (36 ± 12%). The development percentages were higher for ovules fertilized with pollen taken directly from anthers than for ovules fertilized with pollen isolated by centrifugation. Developing ovules fertilized by pollen obtained using both types of isolation reached maximum (2 mm length), and only callus formation was observed. Similar results were reported by Ondøej et al. (2002a) .
The pollen obtained by direct isolation had higher average viability (88 ± 12% for C. sativus;
In vitro pollination and fertilization in Cucumis 113 TABLE 2. Number of isolated cucumber ovules with cucumber pollen grains isolated by centrifugation and directly; number of successful intraspecific in vitro pollinations, fertilizations and progressed ovules in CP and YS-media CP medium (Castano and De Proft, 2000) ; YS medium (Ondøej et al., 2002a) (media for in vitro pollination); OK, ON, CW, GA -media used for culture of ovules after in vitro pollination (basic MS medium supplemented with specific additives supporting embryogenesis (Skálová et al., 2007 (Skálová et al., , 2008 .
TABLE 3. Number of isolated cucumber ovules
with muskmelon pollen grains isolated by centrifugation and directly; number of successful interspecific in vitro pollinations, fertilizations and progressed ovules in CP and YS-media CP medium (Castano and De Proft, 2000) ; YS medium (Ondøej et al., 2002a) (media for in vitro pollination); OK, ON, CW, GA -media used for culture of ovules after in vitro pollination (basic MS medium supplemented with specific additives supporting embryogenesis (Skálová et al., 2007 (Skálová et al., , 2008 . 76 ± 13% for C. melo) than pollen isolated using centrifugation (68 ± 19% for C. sativus; 64 ± 12% for C. melo). CP medium gave the best viability of pollen immediately after isolation; for C. sativus pollen it gave the highest viability of all the treatments (95 ± 8%).
The success of in vitro pollination, fertilization and embryogenesis depends on a number of exogenous and endogenous factors. The main exogenous factor is the composition of culture media. The most important endogenous factor seems to be ovule and pollen grain maturity. Adding caseinhydrolysate to CP medium increased pollen viability and callus formation. On the other hand, YS basal medium for in vitro pollination increased the number of growing pollen tubes.
RAPD analysis did not confirm the hybrid character of fertilized ovules obtained from in vitro interspecific pollination between cucumber and muskmelon. Only cucumber RAPD patterns were detected (Fig. 2) . This result may be attributable to the low amount of muskmelon genome DNA versus the DNA present in the huge mass of cucumber ovule tissue surrounding the possibly hybrid proembryo. Skálová et al.
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F Fi ig g. . 1 1. . Mature pollen grains with pollen tubes ( (a a) ), pollen grains isolated by centrifugation, around ovule ( (b b) ), developed ovules (CS × CM) fertilized on CP medium, transferred on CW medium, 6 weeks old ( (c c) ), developed ovules (CS × CS), fertilized on YS medium, transferred on GA medium, 6 weeks old ( (d d) ). Bar in (a) = 50 μm; (b) = 220 μm; (c) = 340 μm; (d) = 650 μm. 
